rate ratio at level z is estimated by x= jBIz+ I2S(z) Abstract Objective-To investigate whether outdoor air pollution levels in London influence daily mortality.
Setting-Greater London. Outcome measures-Relative risk ofdeath from all causes (excluding accidents), respiratory disease, and cardiovascular disease.
Results-Ozone levels (same day) were associated with a significant increase in all cause, cardiovascular, and respiratory mortality; the effects were greater in the warm season (April to September) and were independent of the effects of other pollutants. In the warm season an increase of the eight hour ozone concentration from the 10th to the 90th centile of the seasonal range (7-36 ppb) was associated with an increase of 3-5% (95% confidence interval 1*7 to 5.3), 3*6% (1.04 to 6.1), and 5 4%/ (0.4 to 10.7) in all cause, cardiovascular, and respiratory mortality respectively. Black smoke concentrations on the previous day were significantly associated with all cause mortality, and this effect was also greater in the warm season and was independent of the effects of other pollutants. For black smoke an increase from the 10th to 90th centile in the warm season (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) ,ug/m') was associated with an increase of 2 5% (0.9 to 4-1) in all cause mortality. Significant but smaller and less consistent effects were also observed for nitrogen dioxide and sulphur dioxide.
Conclusion-Daily variations in air pollution within the range currently occurring in London may have an adverse effect on daily mortality.
Introduction
The 1952 London smog episode was associated with a twofold to threefold increase in mortality and showed beyond doubt that air pollution episodes could be harmful to health.' Subsequent episodes in London were also found to be associated with increased mortality,2 but by the late 1960s adverse health effects of outdoor pollution in London were thought to be unlikely. 34 One of the first indications that this might not be the case came from an analysis of London data for 1958-72, which showed that daily mortality was associated with pollution levels on the previous day even 1 (a) .1Z los- analysed in relation to pollution levels. We examined the effects of each pollutant by adding them to the "core" autoregressive log-linear Poisson model described above. We examined untransformed pollutant levels on the same day (lag 0) and lagged by 1 and 2 days. We performed analyses for the whole year and for the "warm" (April to September) and "cool" (October to March) seasons separately.
Results Table 2 shows the estimated effects of air pollution for the single day lag that gave the most significant result. Ozone concentrations recorded on the same day (lag 0) showed the most consistent association with daily mortality. For all cause and cardiovascular mortality the effects were significant only in the warm season. The strongest ozone effect was observed for respiratory mortality, with similar sizes of effect in both the warm and the cool seasons. For eight hour ozone concentrations (lag 0) in the warm period, an increase from the 10th to the 90th centile was associated with an increase of 3 5%, 3-6%, and 5-4% in all cause, cardiovascular, and respiratory mortality respectively. The bubble plot of residuals suggests that a threshold may exist at around 50 ppb for eight hour ozone concentrations (fig 1 c) .
Black smoke (lag 1) was associated with significant effects on all cause mortality for all the year and for the two seasons. Relative risks for cardiovascular and respiratory mortality were all greater than unity but were smaller than those for total mortality and were non-significant. In the warm season, an increase in black smoke from the 10th to 90th centiles was associated with an increase of 2-5% in all cause mortality. The bubble plot (fig ld) suggests that there is no threshold of effect.
For nitrogen dioxide (1 hour maximum), small but significant positive associations were observed for all cause (lag 1) and cardiovascular (lag 1) mortality, and a negative effect was seen for respiratory mortality (lag 2), all in the warm season. A significant association between sulphur dioxide (lag 1) and all cause mortality was observed in the warm season.
To interpret these results it is necessary to take into account the fact that these pollutants covary in a complex way (table 3) . Ozone, for example, during the warm season is positively associated with nitrogen dioxide and sulphur dioxide but in the cool season is negatively associated with these two pollutants and also with black smoke. In the warm season, little or no correlation exists between ozone and black smoke. Table 4 shows two pollutant models including ozone and black smoke. For the warm season, inclusion of one pollutant made little difference to the effect of the other, which suggests that confounding is most unlikely. For the cool season, the effects of black smoke on all cause mortality were doubled when ozone was included in the model. The effects of both black smoke and ozone remained significant after inclusion of nitrogen dioxide or sulphur dioxide in the model (data not shown).
The effects of nitrogen dioxide on total mortality in the warm season became non-significant when ozone or sulphur dioxide were included in the model but were little affected by inclusion of black smoke (data not shown). The effects of sulphur dioxide on total mortality in the warm season remained significant after inclusion of ozone in the model but not after inclusion ofblack smoke or nitrogen dioxide.
Discussion
We found associations between daily mortality in Greater London and various indicators of air pollution. The strongest association was with ozone (lag 0), followed by black smoke (lag 1), and these associations were independent of the effects of other pollutants. Several associations were also observed with nitrogen dioxide and sulphur dioxide, but these were partly explained by their correlation with ozone or black smoke. More associations were observed in the warm than in the cool season.
The key feature of the statistical approach was the removal of any relations that would be caused by longer term or cyclical associations between the pollutant and mortality, influenza epidemics, meteorological variables, or serial correlation. The robustness of the Table 3 
IMPORTANCE OF FINDINGS
These results, if indicative of a causal relation, suggest that air pollution has a measurable effect on mortality. The extent to which this is mainly due to deaths of individuals who would have died in the very near future is unclear and cannot be addressed by this type of analysis. Perhaps the main public health implication of these results lies in the possibility that much of the population is currently experiencing levels of pollution that are capable of adversely affecting the lung. Recent evidence suggests that such exposure may be associated with long term as well as short term effects on mortality.4' It would be prudent to assume that current levels of air pollution do have adverse health effects, and this should be taken into account in determining policies for reducing emissions of pollutants, standards for ambient concentrations, and advice to vulnerable groups.
